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Abstract of JP2002324913 
PROBLEM TO BE SOLVED: To provide a III 
nitride semiconductor which has higher carrier 
concentration and higher quality than the 
conventional one. SOLUTION: On a sapphire 
substrate 10, a low-temperature GaN buffer 
layer 11 and a p-type Alx Ga(1-x) N {0<=x<=1) 
layer 12 as the III nitride semiconductor are 
stacked in this order. The p-type Alx Ga(l-x) N 
(0<=x<=1) layer 12 is. for example, a p-type 
Ai0.08 GaO.92 N layer where x=0.08. The p- 
type AI0.08 GaO.92 N layer 12 includes Mg 
(magnesium) which is a p-type impurity and B 
(boron), each in a quantity of about 10<19> 
cm<-3> . 
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(57) 

mm) tM* i 0 1> ^ ■^' 'J TiiJK*«iS < *>o^ias«o 

1 1 1 mm-{m^mi^immi-^ . 

[fm^mi -9-7 r ^ ra« i o±c«, i&&G a n 

l,Ga(,-oN ( O^xgl ) 2*^ll<?:tc«ii$ix 
TV-'-l.. ClCl-C-. pSA l,Ga(i-,)N (OSxgl) 
ill 2{i, f?ij;ctfx = 0. 08<7DpMA lo.o8Gao.92 
Na-CfcS. -efC, pfflA lo.o8Gao.92NJil 2tC 
{±, pS^*$^<7)Ms (Vi/^-v-^A) i:l5]B#tcB (in 
ay) «>'^^fLTV^I>, Mgi;B«±, bi>l.z8 

X 1 Oi9cm-3SJS-i-iilTV%&. 
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Cii^Jll] Mg*<^D§nfv:pMA l,Ga(i.,) N 
(O^xSl ) CfcV^T, IfflBpSA l,Ga(,.,) N 
(O^x^D lCti. Mgi:|5lB?ft^B*<asJn$<XTV^|. 

m^t- S ^J'mfiSSrJ^fiS-tS 3 hMizm^^ 1 IB 
[f«*lI7] ff*iI5ISf8<^^^*^aiCfcV^T. ^ 

^a. 

[ff^IiS] Mgt|llB#(2B*i^D$iX-CV^^pMA 
l,Ga(i-x)N (O^x^l ) 7K^;<fX^-&tfRjE 

i: -r s 1 1 mmim¥^w<r)imi3m. 

[ If ^11 9 ] 8ism«oi 1 1 i^s-fktt^^ftsc^^-f^ 

HaT'S)^^ t ^1tmi:-r-i>III]^a-fl:!f!!J¥^f4scO'f^ii{:^r 

IW^JSIO] Mgi:I5]B#f-B*^a5JP?ixTt^^pM 
A l,Ga(i.,)N (O^xS 1 ) 5:. 7i<.m^:^^'ttsR 

•th 1 1 \mm.'{m^ii^<r>Ymnm . 

A i,Ga(,.,)N (o^x^ 1 ) ^-tts^mkmrn^ 

^-c-fr o:Lk t:mwLk-^h^mwmm.cr)mk-)5m, 
imim 1 2 ] M*js 1 1 iB®io^f*:^a«o^^^:fr 

x'hh c: i: ^^k-th^m'\i!mm<r>^m}im> 

Ai.Gati-oN (o^x^i) i^ts^mtmmm. 



[000 1] 

ijffl $ ixi. 1 1 1 filM-fb%^#:*J J; t>'-e-cof^:fe^ 
C0002] 

[tse*cptJW] »fec7)LEDti5lFfe^^feOLE 

nA 1 GaN-C-^^fL^IIIJ^^-fbit^^^ 
#:^^i^V^T, fSvSA 1 N>'S-y 7 r -il$)-l> V^tiffiiSG a 

i^<-i^a ylCi-^Tlgffitii^kL^pSeSrfSWlimt^J: 
[0003] -e-<Of^, ie'5rl.i^B^'lt<7)[6]±i: , pSG a 

[0004] m±o J: a t . 1 1 isiM'fbii^ii^fiis^aio 

[0 00 5] pSlIIl^-ft!|%|{±, v>mP^WMk^mifi 
m^L. pmPfmai^^'<^m\LLXLtofzi^. yKIISr 
^tfl?H^T«75*SB^BB£:R^, 7j<«7yx4'^7j<^2r*^-r 

:}^mxii, pMiii]^M-fl:*S3S:as -grown (iwa 

[0 006] pmumm-imii^m-t^tiibcD-jjmk 
•ox pm-WL-thw, 1 <7)f^s:^&t . m^^^<^iMi:Ji 

^■thZk\>zi:^Xpm\uM-{mi:^-th^2<r> 

^mjmk\,zi^m^tih, 

[0007] ±fs^ 1 cr>fmiimzii\,^x . pmwz 
sboitgij^saatcMLTti, nm^5- 1 s 3 1 8 9-^ 

•C-, a^iftS^rffvv m^B^f.z^t.ixi>A(.m(r>-^^m^B 
>pvS2JJt«faiL. <&ffi*5t«OpSC-ri.:6-m*««§gS*T.T 

[0008] ^M¥3-2 186 2 5-f- 
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[0 0 09] tfz, ±iem2«Of^:^tC*3V^T , ^B^B 
^^xm^JL^-thit:}jt LX. #^¥8- 1 2 5 2 

2 2# (WT, m^mi^3t\>^d ) {c{±, m^m^mT 

[ 0 0 1 0 1 t^, i®fBB!4«S:*S:<r;^Sr-&*^:<'^^'C' 
SMBEaT'ibS. CiX^jC^i^r^Tii. as -grow 

n (i^^^Ltz<r>p^x\ pm.^t<^mvj:mm^Lx\'^ 

[00 111 i^c. S'JiO:fe1*fcLT, #Bffsp6-2 3 2 
4 5 1-§- (OT, f^e*KW4i:V^d) tcJi, In,Al^ 
Ga(,.,-y)N, (0<x<l , 0^y<l ) 

;^ummimm^^-M:^'^timz. ms^ i x i o^^ 

cm-3 — 3X 1 O^o cm-^CO^mX'V-t'yytXpM 

1 1 1 mm-im^mi^ & i^m-t h yrm *^ib^ $ ixr v ^ , 

[0 0 12] ZCO-:fjmi. I n,A lyGa(i-,-y) N. 
(0<x<l. OSy<l ) Ji^rSg«Si:LTfflV%SC: 

^LX^^B^<OMit^m<':i tX\ a s - g r o w nf 
pMGaNSrf^S-^^tOf ZCO-)fmi>zXtl<,S^ 
GaNtcMg^3 X 1 O^^c m-3 K— fyiJ'XT, 5x 
1 O'"' cm-3<7)^A'UTilljKi7)pMGaN$:f^Lrv^ 

[00131 3S«E, JjUKOi 0^:^T\ PMIII]^^ 
[00141 «v^«;SlS5JgSr'£-^i:-r^5%?fe*^t-flS 

ffl s s P MI 1 1 mm^tw^mmzii-m\' ^ u risu^ 

#fi|s{± , H-ra! t J: 3 ^j:1jmx p M-fC l t t ^ ^ u t« 
JK{±iSv\ ^^i^sU— KJll^flgffl 

$ttSA 1 GaNTii:, 'J r«K*U O'^ c m-3 2: 
Si. & t ^0 5r ^tS-r -g. C: i: tli:^ V . 

[00151 zti^mm-h:ifmt tx , iWiB^ i o - 

1 0 1 496# (OT, mkm^Sb^^o ) izii. Ms 
bSii2: 1. Jb-S)V^{±Mgi:0&2 : K 
Bet Si?: 2 : 1, $)l>V^{iB e O 5: 2 : lOit* 
TGaNtCl 019 cm-3~l O^o c m-^SJglalB^h'-f 
y^/LT. i§dfA'UriSiS<7)pMGaNS:#S8-rS:^* 

[00 16] tti, Ga. N/A 1 G a N Oi^i^frf•^i3t^C 
[00 171 HI 9{i!»i3¥l 1-4 048-^ (tlT, 



-*ryr^TmLHzmiR^-S:tv^yf\^^^i^^-^iJ 
"^X&^LtzG aumm^-^y r T««*^'b^MtT 
im^tltzGa.N^16 0<0±l,Z. nSGaNiO^ 
l-^gcOyN'-y^r-l 1 6 1, nMI no.iGao.gNi 
0^1.^75 y r^RSiii 1 6 2. nMAlo.2Gao.8N/ 
GaN@1S^i'5fig'i>nffl!lii'9>y KS16 3, nMGa 
Nj:0^5n|Rl3tXf'f Fill 64. I no.05Gao.95N 
/ I no. 2 G ao. « N^S»^#F^iic7)vS14/l 16 5. 
pMA 1 0. 3 G ao. 7 N J: 0^-1. P fflO^-^- -y 1 6 6 . 
pMGaN*»<i>^rl.pfil!Bte^W HJll 6 7. pMA 1 
0. zGao.sN/GaN^itS^iO^-i.pfflll^^ y 1 
6 8. pMG.aNA>^^&pffl!l3y^':5'bill 6 9*« 

[00181-etT. pffllny^':? hill 6 9. pffll^ 
KSl 6 8^7)— gP^F^^X-y^yi^'LT. i|B4;u 

r±WipiS!l«fiil 7 03&»'J^^$iX. nMGaNtt^l 

6 Oi50KMtc;{±. nffjttffil 7 1 , 
_-^_±fc||§|4gffi(inMGaNSMl 6 0<^M®5r/>s# . 

m-thzt xm^^^ixx v . 

[00 191 ZZX\ pM^J'^-y HJfl 68{i:. 'J 
r^ligcOitViGaNi: A 1 0. 2 G ao. o N tc^S^S^^tis 

[00201 

[WM^mmLX ot-ti>mm] mmttziio^z, i&w. 
fiicT) p MI I mmim^mi^amth ztamL^ ^ti 

>f ^r- K . flstti:'] ( gcmw ) com^^mw\^-^- 1*^ 

0 0 nm J; 0®V^^i'hfIl^-C^i-|.^?te^^ ^- 

[0021 l.^Caj;t{f . *fi 
P M^ 7 -y Fii<7)®tn;-^p ll!l:t- 5 -y ^^fll^cotgMffitn: 

c7)ii-^{±. pMA 1 G a NiiOA 1 fflfiSJt*^'::^^' < 'jtS 

[ 0 0 2 2 1 llffl'fkSfi.^ciKaJ:*!^^^^^*^ 
-if'- 1 iS jt 3 :^ h It V ^ t <7) t ^5: -p T V ^ ^ . 

[00231 OT. fil!*SWco^S^2:iJiBJ-ri. . 

[00241 1 iOI 1 1 Sia-fkif^^Sfr^O p M-fb 

mt. pM^|ie%5r^vS14-fbttv->i.7|<^Sr^SCJ: 
o-c^^BJ'hg5'^Sfai$-«i:'&:Sr&<7);ty), ^K^^-ir^^rv^ 

#ffl^, -m^^iz^t'^mf^y^'^m^x'^ismif'fiioti 



[0 0 2 5] tfz. vtmmsii. miimjMi:i£!.^wt 

L^j:\,^<r>t:\ axhmzim<X'^^*^^ lOOCCS 

[ 0 0 2 6 ] S^v! , tM^SW 2 c75ffix^^;W^-m^lSil 

[00 27] tf^, «*iS?fi4c7):^. -r=5ri5*>. I„x 
Al,Ga(i-,-y)N. (0<x<l, 0Sy<l) -C'^ 

^tihnmmimmt:^^^'^f^mzMs^ I x i o 

i7cm-3~l X 1 02» cm-3(5DtEBIt K-t°>':?''fCp 

hh. ^t>^Z. A 1 GaNcOJS-^fcii, as-grow 
[0028] 7K«^#t'5:v^»fflm-C'<?D^B^BB£*::^St: 

[00 2 9]-:^. MBE)£^|5l«tC7K«2rffi^3-^*=5r 
*iac7)^H3#lc: i ^ G a N . ^B<!0|Hiei**ja 

£7) p ^ G a N $: fig:S-C # I. *<***^V ^ i: # X (oix^ . 
[0 0 3 0] Vtm^Wj5(D:fjm. t-=Or^*>- Mg 
hS i ^2 : 1 , 3>^V^{i:Mgh0 2r2 : 1. S>l>V^{i; 
BehS i^2 : 1, a^|,V^{iB e fc O 5: 2 : icOjt* 
•C\ GaNlCl 0i9cm-3~l O^Ocm-sgJKPI^H- 
fy^LT, ^^^'JTl8Jgc7)pSGaN5rf^-ri):^ 
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\ [003 1 ] tfz. tJ!5t5Stl560¥#«s^— r-C'«, P 
I lo 2Gao.8N/GaNStS^S:«fflt-CpS^'5 

[0 03 2] paGaNO=3f-v'jrillJg*n 018 

cm-3OTi:+tiJ-®<^>'-><50-t\ pMA 1 0. aGao.sN 
I /GaNj@t&?<0||^=3rA''JTilJgt«ai:'3^f!|s^- 

laV^pSA 1 GaNA^'^^iiSfL^, 

J [0033] ^mntii . ±^ Lfz^im(^mM^i^ 

ffitt-f^- i;frge<;fc Ltv->^, 
[0034] 

tc, liiRia 1 tm^^m^i. m g *s^jp$ix^ pMa i 

g ,Ga(i.,)N (O^xSl ) tCfcVsT. huISpSA 1. 

Ga(i.,)N (O^xgl ) Wi, Mgi:ISIB#lC:B*>'as 

g [0035] ttz. nW^2sSlSi<7)^mi. fS*« 1 15 

>)i [0036] tfz. tmTM3tm<7)wm. m^^2m 
c [ 0 0 3 7 ] ^/c. n-^^^im<rm%±. 11*^2 ^ 

Yc{iit*JS3lBf!ic^^*«^^Slc*3V^T. 

j> [ 0 0 3 8 ] ^ , il«ja 5 ie«5c7)f|BH{i, ii^4 i£ 
:5r [0039] tfz. ms^eimcowm. tt««4 * 

m %m=f-\t , ^%m3:ifi 4 0 0 n mOT-CS) & ^ tr^HMS 
,« [0040] lt^«7iB«Jc7)i%HB{i. t«*«5f5 

[004 1 ] ft*«8IESic7)|%B^{i:, MgfclalB* 

,15 t2BA^MjjD$tl.T«.^?.pSAl,Gati-,)N (O^xg 
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[00 4 2] ifz. m^T^9tmco^mi. it^iisia 
[ 0 0 4 3 ] . ff*« 1 osm(r>^mi. Mstm 

^iCB*^'^>an$n.TV^-|.pSA l.Gac,.,) N (O^x 

[0044] tfz. msmi iim<r>wMi. ustm 

l»flCB*W$iX-CV^|.pmAl,Ga(i-,)N (O^x 

^1) ^-irtf^^f^aiijt^r. 7\im:ff^^^tsKfii^ 
[ 0 0 4 5 ] ii^Rii 1 2mnc7)^mi. if*fl i 

[00 4 6] ^^s:, 3iBm<7)^BH«i, Mstm 

B$lCB*>)35jD§ixTV^SpSA l,Ga(i.,)N (OSx 

•C'^b^bI^^L , -e«0^fBB£ftiSmcO«S^BjS:SvaS*^ -^iO 
[0047] 

g (-7j?'^->'>i>.) ^mta^iXfZPmA l,Ga(,.,)N 
(O^xS 1 ) C:<7)PSA 1 ,Ga(i.,) N 

(O^x^l) tC«4s Mg tm^iZB 

[0048] -^e<jtc, pmnmm.^m^mw^^m 

[0049] t*»L^*^'^, IIlS^a-(t;!t?!I^^#i4'C0p 
a:^*iE^5!l«7)vS14^b^«4~ 1 % i: f&v -i^ci^ . p M^^m S: 
~1 O20cm-3SgS*T«!lPtTt. pMGaN-C, =^ 
•^-UrMil 018 cm-3UilTi:<Sv^t<7)L*»#S?t:'§ 

[0 0 50] ^'olC, A \GaNm<7)V^ V^^ yy^ 

[ 0 0 5 1 ] pm^m'mcr>v-\^y:fmi}^-' i o 

20cm-3Sri@x.l.i:, 'TO ^rO . M 

[0052] Al,Ga,i.,)N { 0 S x S 1 ) ^B^et^as 
jD^ix/ipffi^^^ (-jKt::{4Mg7b«<£ffl) «Ga«>?. 



[00 5 3] t*^l>tC, MgtiGa. A H^itKtT-9■ 
-< X*^"::*;^ M g*>'^PSiiJt A 1 G a N^b^b 

*>1^>. =3f A- U r?8]S?:S*b J: a i: tr , siSJSt^M g Sr 

l,Ga(i..)N (OSxSl) {4#iJ>iX^V^. 

[00 54] Z.fi^znL.^WmXo\.z. Mgi:|ilB# 
t:, B (TKny) $:asJDLT^SB^BfiE«L/iA IxGa 
(i..)N (O^xSl ) {4. ^m^^zUs^m^LXiii 

[0055] -e<7)il*«4. G a , A 1 CJti^ LT-f^ X 
(O/Jn? V^B *<M g i: |BlB#fcgfe!lD$ ixS C i: i , M 

g J: !> ^B^HW^^s-fb^^^^p^ ix, M g 1 1 im-^r^ 

^-^yrji;K^OpMA l,Ga(i.,)N (OSxgl)** 

[00 5 6] ^fc, Bc7)^n*{±, 1 02" cm- 3 £07}-- 
^'—X'htilii. A I G a N<7)>'S> H=¥-\' -/^'-^SSf^S: 
:k^<^it^-t^^tli^^^(r)X\ AlGaNfcbTSX 

[0057] ^7t, ^%mxu. umm.'im^mi^co 

micOi^UU&tLX. Mgi;|HlB#lcB**^jDSixTV^ 
?,pSAl,Ga(i.,)N (OSxSl) 7j<«*';^$r 

[0 0 58] ^^x\ }%mnm%tLxii. mm. hh 

[ 0 0 5 9 ] C:<^lll <Ofm:Sr&t <};n«\ M g i: B $r 
Pl^lC» LT A- U TlRJgi^ A 1 , G a ( 1 . , ) N 

( OSx^ 1 ) <miBm,t. -mM^fzmmWM-k^ts 

T&^o/cA l,Ga(,-,)N (O^xSl) £?5p^B^B**a 
s - g r o w nTlf^iXl" . 

[0060] as-gr o wnt'pSfSB^B*nf '^ixSS 
ifc tt{4, MgtBA'^lHimc^Jn^iXTtpffiA l.G 
a(i..)N (OSx^l ) {ilS^A-UTlSUScOtcT)**^ 

^B^B)S;:^igJS*^^<^<^»2:H5j^'^J^ 

-(b&<BSjh§ti-&'ta'3i:#;t^ix2>. Ai,Ga(,.oN 

( osxs 1 ) *^mJi. S)i)V^{i«ai«jtio©^ffit=^ 



:(6) 002-324913 (P2002-324913A) 



ttLhmmWMtK A 1 GaN(7)^RC4C^-ri>i!S 

X. ffiffititcTipSA l,Ga(i-oN (O^xgl ) 

s - g r o w n Tit ^iX-S> t #i. . 

[ 0 0 6 1 1 i/i. J^aiff<?)l?H^^'^ Sr-^tf 

7K*tc J: I. ^ 'J --y^^**^'ISlI^^c^# ^>ix2. . 
[ 0 0 6 3 1 Lfzlf^i^Wl 1 Tii. i. 

mmmi'^ym^miii^-^x p m$r^i> ^ 

:Saf*iOflSffif]i:<7)pSAl,Ga(,.x)N (QgxSl) 

r i3 0 , i: JilSiiW ^ t COT'S) ^ . * 

ti. I^H^tt'Wi. 7K*S:-§r^•C'V^Tt>, -i•^■^:'V^^:< 
T t ^ < s 7KS^-i-tf«-^t::«i:7l<«<:0;ia«SrStffiWt:'f'J 

[0 0 64] -r^^J^s Mg (-s'j^^i^'^A) tPIBttC 
B- (if^vy) *<^Jn$ixTV^SpSA l,Ga(i-oN 

( 0 g X g 1 ) c7)f^M::6-ffitct5 v>T . i^&nmm'piz-is 

[0065] mmmn:ff^t lx n Hs s:^sffl-r^ t ^ 
(,zit. ^<r)^mi>zi'^x^^^irLhiw.^^^mi,zx^m 
^^m<^mmmmtyiimi>zi ~~yyn^t^ 

[00 66] :¥wnx'ii.. iwimim^mwc^ 

^2(Dim^mtLX. Mgi;|5lB§tcB*^^n$iXTV> 
^pSA l,Ga(i-x) N (O^x^l) t:. 7ii^^:^i 



[0068] 'Srfc, t**, NH3^m%^<ommx' 

mmopMii I]^•^fc!|^s^i^t'?>^^^*^■'^-**^ ^^^^ 
X'ii. m^a^-^kcoi^&^nizii^^x . ^h^stnhj 

pMA l,Ga(i-,) N (O^x^l ) *>as-grow 
[0 06 9] ttz. *^BJT'{i, Ji^L/illlglM'fk^?!! 
■^JP$^^■CV^SpSA l,Ga(i.,)N (OSx^l) ) 

[0 07 0] ^tj. ic7)J;p^:^^«5^S{i, pMA 1 
,Ga(,-,)N (OSxSl ) cOiftttSrfflV'i-Cllltg-rS t 

[007 1 ] mwmz. ^m-i^^ytm'i't Lxmf&i-h . 

iEn<D2-:>comM'Sizm&^^^-t^^iti,zx-:> 
X . mimmiiZ^{:mx l. ^^ix^^v Tc^mm^ 
f}^±tm:-thi><yiX'htn£. ^(ommimizm^L^j: 

[0072] -r^j:hib. tXii. 

[ 0 0 7 3 ] *5%BJi0^f4c^a*^"*«i*:^* 

^xhhm^. :^(r>^mwmm=f-tLx\i. wm^ 

[0 074] X^^Wmz. immXki. Mg 
l,Ga(,.,)N (OSxSl ) $:-t-tf^«s«Ji«jt$r 

■fh^y-S'-^^Vm^Z^ Mg i:|lIB§l;B 
(H-^oy) *s^DS*iTV>l>pSA l,Ga(,.,)N (0 

gxgl ) *fflV^SC:i:*^T'#l>. 
[0 07 5]=5:i3. ^c7)j:3=5:^^«^aJi, pSa 1 

,Ga(i-,) N ( O^xg 1 ) lCp{|fl:t-5 •y;5'mi5*^'J^ 

^^ti. mM^^-th^t\>zi^mi^hi><r>X'hix 



[0067] z<7>m2(oim-n^x'ii. f^&'^^nm^ 
^m\z\^h:L>^ifix%h, 



[0076] mi^mz . ^«s^7t3^^^ t LTm-rs 
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[0077] -ttfhh. ^w^m=?-t Lx\t. 

[ 0 0 7 8 ] , :¥WM(r>^immtf^^^^^ 

^x'h^m^. ^(Ti^iif^^^m^bixit. 

*>'4 0 0 n mOTtfO hcOiZ-f^Zt i}^' ^ S . 
[0079] tfz. pMA 1 .Gaci-,) N (O^xS 
1 ) trfflV^l.ny^J'i? hJi ( pffl!l:t-5 'y^mmi1&^ 

■th^y^^'^m) mmmm<7^^maX'hhiSi'mii 
mti^MTmxh-oxi^j^^K 

[0080] *7t. :^^mX'it. Mg (v^^i^'^ix) 
tmmi,ZB (d^ny) *^'■^JD$^^TV^^paA l,Ga 

N(ogxgi) ^^ts^mi^mmmm^^Lx 
\,^:t^m^^Ui}^¥mw^^-^-M'f■x•h^m■^. is^ 

(TKoy) *«$ix-CV^?,pSAl,Ga(i.,)N (0 
Sx^l) 2-:7 5 yb'illC:fflV''?'-ii'-=fe<ttl-Pc7)p- 

[0081] ^^i*:!/— r-5S^<7)1Sit{i, It 

'^i^.) tllBtfcB (;J^o>') *>^jD$itTV'>l.pMA 1 
.Ga(i-,)N (OSxSl) «::5'7-y KiltifflV^/i^i'^^ 
< h t 1 OCT) p - nif-^^^-^-i. 1 1 IJKM-fEiia^^s^ 

[0082] ^ 3t , ^W^nXii. M g ( ) 
tlilBtfcB (-i^"a>) ^''■^.SD^ixTV^^pSA l,Ga 
(i.„N (O^x^l) ^-^ts^^mimmcof^Krtim 

IrmtLX. Mg (V^;T-i/'>A) tlnlB^tzB (^n 
A^asJP^iXtV^^pSA l,Ga(i.,)N (O^x^ 

1 ) i-^ts^fiimmwmi: . 7i<.m:^'x^^tsRmihX' 
ai^ , mmwM^-^tsi^&nm^x-n oztizx^x. 
[0 0 831 zz.x\ ^^mm%hvx\i. m.m. 

[0 0 84] :Lo:,W.\<r>Wm:-nmzi.ix\t. Mgi:B$r 
|3lB#tr-^.JP LT <01« ^ ^ y Tl8JS<7) A 1 , G a ( 1 . , , N 
( 0 g xS 1 ) cOi^H^B^^Si: - W^t3tS*]!^^45r#0 

^m%ijy^^X'<r^}^n^wi-^ir>^h z b x\ imm t 

A^o-tAl.Gad-oN (O^x^l ) (OpM^^Bifia. 
s-g r ownX'^^tlh. 

[0 0 851 as-grownT'pSiSa**W'biXl>S 



i i: LTti , M g t B tm^l'Zmbn^titz p SA U G 
a(i.,)N (O^x^l ) {±K^-vUrjaKiOi)<7)d^^ 

K-(b*^|56±$iX'2''ti>^>i:#i.^ixS. Al,Ga(i-,)N 

( o^xs 1 ) ijimm, sb^^-^ii^mmi^co&mmzm 
^Bf&^^ti^m^i>zii\.^xii. $4>ic, i^siwmmz^ 

ttl^^MWMtlK A 1 GaNc7)4^£KlECS^-¥--ri>]K 
^*?«0MfgSr^^i-|>Jt«6, A 1 GaNigS«B*»'?><0 

-C. ffiffitn:c7)pMAl,Ga(i.,)N (O^x^D^^a 
s - g r o w n-C1#^ili> t #x '^iX'l. » 
[0086] tfz. ?^rin4'iO#ffl^;<^'X4=tC7KS$:-t-tt 

^im<^ymi>zi^-!^v--y'}^^i}^mwx'^^ 
cr)X\ mm(r>mmizi: im'mmA<oma*^^±x-^ h . 
zfi\imimiX'\mhiv^£ii^'^-tz^xtbh, 
[0087] ^fz. b \.x\tm\zy^%\t\^ 

nH3m(7)^(7)^mi>zj:-oX7mi^-t^^t 

'^ii^t:i^m-^^Zbf,zi:'oX. JS^^M^- j:l>fe^B^ 

^miz^ ~=.y-!^%^tim^^znt>tii> . 
[0088] mmhtzmmm i x\±. ym^^^-th 

\^\\Lm-h:^nim\i!>^^xv>mc^^hzb\m 
mxh^tzib. T\im^t.t£\>^m-w^^x'm.^m^'^'i 
x^^fztK zKi<znL. ^wm^-nmxM. tk^a^ 

ftltf*«<Kffitn:<7)paA l,Ga(i-,,N (O^x^l) 

^^<r>:m<r)mimxi:m\-t^zbx\ ^^^w(k<r) 
^&im^zii{'f^mmm-^m\\^. ffisa:«7)pSA i 
,Ga(i-,)N (o^xgi) ^^m-hzb^mw.b\^ 
Tiso, vtmmb\imMmzm^j:th<nxh^, t 

xhA<. 7mt:^tsm^i,zii7m(^^^^9.mmi,zm 

[00891 -f^^b'fe, Mg (V^^:t^S/">A) i:|oIB#CC 

B (tKdV) A^gstn^ixTV^SpSA 1 ,Ga(i-,) N 

( o^xg 1 ) ^■^ts^mwmw.cr)imijmzi5\,-^x . 
(^&wm%'^i'Z^tixhmmwMbLXiif^Hz {ry 

^-T) ^m\'^tZbi}'^X'^^. 

[00901 mmm^:^'^ i: lt n H3 ^mm-th b # 
tcti, ^co^m<>zx-ox^^tLh!^^^Mmi<zxh^ 
^^mco^mmm^bPiimi>zx 1. ^? u --yt^^^^j^ 
m^iznhti^. 

[009 11 trz. :^W^Xli. pSA UGa(i-,)N 

( 0 gxg 1 ) i^ts4m^mw<^^2<Dim)3^b L 

Mg (V^^:^j^'!7A) hPI^tCB (7^0^) i3<ma 
$iX-CV%SpMA l,Ga(i-,)N (O^xSl ) Sr-^tf 
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[00923 z<7)m2<7)imifmTii. ?^«4>co#ffl^ 

[ 0 0 9 3 ] ^tJ. Is!*. N Ha^ffl^tfcT^fijaST' 
miSt^ P SI 1 1 m-fttltift ix^*^-^ . 

t -r C i: I- ct 0 . «®^ML*Wi sn^c^agfitio 

pSA l,Ga(i-,)N (OSxgl)i(/«as-grow 

[0094] UT, :$:WM(oiumm-im^mi^iiXx/ 
[ 0 0 9 5 ] H 1 li^^wmzi^^i umm^m^m^io 

■it^^mti^tLx<r>pmA\,G3ni.y,)N (osxs 
1 ) ji 1 2i)mmzmm^tix^^h. 

[00 96] ZZX\ pSA IxGa(i-x) N (O^xS 
1 ) Jll 2(i, 0IJi.{fx=O. OSiOpSA lo.osGa 

[00 97] -ett, pSA lo. osGao.gaNJll 2lC 

X 1 0i«cm-3gJK-^*ixTV^^. 
[00 98] pMA lo.oeGao.gzN^il 2{i. ^-vU 
TiSg3&«8x 1 Oi^cm-^T'fSffiSi^OpSSrTFt^^. =5: 
B^i!-i'5:v^«-^«i. ^-v'JTigJKtilxiO^c 

[00 9 9] ±fz. 02. I23{4*!%BHtc:f««'^#^ 

a<7)-fi?ij^5^-rEiT'$> s . II 2 . II 3 <7)i|i^#:^a{±, 

Rg^tt-CV^S. ^fc, ll2{i^%7\im^^O%3tei5'M ^- 

Yco^mifi^mizw-'n^MX'CDmmmx'h 

[ 0 1 0 0 ] 02 . 03 $r#B?.-r^ t . ^3^^'-^ 'T- H 
3^^^ ^_ |.'(7) 1 o<7)3taiS«® i: 7 * h Jf- H<0 

*«ifn # 3 i a izsi^mz^r^m^ixxm^^ 
[0101] tfz, ^y^^-Yby^vy^:^-Y 



7r^TS^2 0±C. A 1 Nffiia^'^-y:7r-a2 1 , 
naAlo.o3Gao.97N:^>'^'^'^ii2 2, nSA 1 
o.o7Gao.93N^'7v H®2 3, I no. nG aj. saNvS 
iiji24. pSAlo.o7Gao.93N^7 y Hii2 5. P 

MG a N3 y^^- hJi 2 eifiim.\<znm^tvr:m^^ix 

X^^h. 

[0 1021 ClCl-C. pSA lo.o7Gao.93N^7<y F 

m25, pm.Oa.\^ny-?9 Vm2 6(,z\.i^ pSK-yN° 

[0103] ^rJ^^ Ti"- H 7 :t ^- K«±. -h 
f Eimt ji P a G a N 3 V tS' ^ h S 2 6 (7)^®*^ n 

SA 1 0. 03 G ao. 97 N 3 ^'^J' h« 2 2 *T'X -7^^^ 
•tSC:i-C^laW^=^^$i^'Cv^S. -?-LT, nMA i 
0 osGao 97N3y:5'^?b«2 2<7)«ffi*-'StiiLs UHl 
t/inSA lo.o3Gao.97N3y^^?hS2 2±l::{i, 
Ti/A 1 >{)^<b=&l)n(i5r-5-y:?mSi2 9*«Jg^:^iX 
TV^4. ||3tr-f^-Hi:7:th^M^-K(7)p 
MGaNrJ hS2 6±tC{i:. Ni/Au*^^^|), 
plSy:t-5 •yi5'«fii2 8*^'J^^§^tTV^&. 
[01041 $ (>l,Z7t— 5 -y :J'a;ffiJ;i5'l-<0SErii-l-ti. S 

i Oiij-(6^j:hmmu.mm2 itmm^tix^^^, -et 
mmLm.m2 7±ui. t i /a i 

ffi3 0*^?gfi!c$^-Ct3 0, i2^«ffi3 0{4, Wt^^^ 
~Yby^\-y-<^-\^^^^^^<^- pffi!l:t-5>y:?' 

2 8 i: m^wct#«g^ ixt ^ I. , 

[0105] Wty^ :^~Yby^ hrJ'M F<7)ffl!l® 

^y^y^^]i^y^y.y^ :t—}^<^'M^ittX\^^-^o 
mmtK ^ti^ti. 3tl±lM«®2 0 2i:S7t®2 0 3li 
^r^, itz. -I ^-vcoy :f hy-( b[^^ 

[0106] zco^m^mm^ii. m.^^ ^- k 
im^-th:Lb\,zi:'yxm^h, -r^t)*>, -etL-fti 

C73«^i0p{i, niI:t-5 •y^«fiiWli*r&lfci.VM4i£ 

3taji«8iif2o 1 , 2 0 2*^'^3t5-aiw-r?>. -ett. 

7 ^ h:J'--f Jf - V>7t3taiWi®ffi2 0 2 *^^>ttlltL 
7t3fe*^\ 7 JJ- h ^-^ H <^^M 2 0 3 Alt t , * 

L. 9V^{z±nMbLXlSL^\&^-ixh, y^Y^^^- 
Y<nm.^^i't=-'^-'th:ib\,zX'oX. Wt^^^- 

hb, %5tWt°-^ift«{i:, *^4 1 2nmTS)ofc. 

[0107] mz, m 2 . 03io*aMS^3t*^«of^ 
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[0 108] z(7)mkJMmx'ii. tr. ^vr^rm 

U2 0 SrKJiEttC-fe -y b 112 0°CT 

inl^L, S«2 0<?)«nSr^U--:^^t^c. 

[ 0 1 0 9 ] »s:v^T\ laSSr 5 2 0°Cl;Ttf . B£:R#H 
M^NH3i:M^^*^<0?g-&;&'^#H^t:t. TMA 
SrSTiU. ffiSA 1 N>'N'-y7r-2 1 SritStUJt. 

[0110] »:V^T\ aSS: 107 0'ClC±tt\ 7]<*2r 
^A'UT;ifXfc LTTMG, TMA, S i ^rffifi^t- 
ft^^-frTfl^J^L^ nMA lo.o3Gao.97N3>-r5'^ ^« 
2 2$:3//m<7))f§, n^A 1 «. 07Gao. 93N:75 H 
S 2 3 0 . 5 /X inCDW^ l^liSi^Sil L . 

[0111] <x<'-^t:\ 7i<.m:^':^<omn^±if>^ #ffl^* 

W 7j<«^^-V'Jr;5"Xh t-CTMG, TMlSrttJ^ 
L, I no.,7Ga„.83NvSttJi2 4Sr5 0nm<o;¥$tC 

[0 112] <>:v^-C\ #ll§l$rNH3i:g#i:*#<0M 

■^:^'xnmm^L. -fflSSr 1 0 7 O'Ct'iff. ^KSSr^f 
A''jr;!7XttTTMG, TMA. (EtCp)2Mg 

ao.93N^'7>yHii2 55rO. 5^xmC0llS. p^Ga 

fz. mm^MiTtk. pmmcoimmtc7)rz>^, mmm 

[0 113] <!Kl>Z. i^SOum^ 5 0 umCO^B-''^ 
^_y^^$:^r6]tc5;umSiL-C2oM^/i^^'^->2: 

[0114] J^^^'^T-, W!^Umm2 7 t'SrS S i OaSr 

[0 1 1 5] p(ai:t-5 ■y:J'«ffi2 8SrJ^B£t 

ti. p ffll^r- 5 -y ^' 2 8 com^Wrd:^M 0 -C'J) 

Ltd{k. iN«i^»^2 7SrX.y^yi/LTpMGaNn 

y99 M2 6S:ISai?-ti-^« 

[0116] }x^-^x\ paw- 5 -y 9wmnx'h ^ N 

<?)±g|5l::pffli^-5-y^'«ffi^^'^-^5rJBBXL7^c, -?-<^ 
f^, M*#ffl^'+', eOOX^T-SW^t. pMGaNn 
>'^'^hil2 6tCpll7l--5 •y:7li®2 8$rJ^«L>t. 
[0117] »:V^-C^ niM-5 ^^^©2 9 fclimm 
:iE3 0i:SrJ^fi£LJt, nffly^r-S •y:?m®2 9fcffi^^ 

%3 0(m^w.rd:<nim^x-s>h. i-^:i5t>, 



nMA 1 0. 03 G ao. 97 N n y ^ ^ bil 2_2±gi5«0 S i O 
2^2 7±tC, V'Jy^VX'm\0 0Mmi^<n^^7.Yy 

^r^^is^-y^m^tfz^k. s i 02ii2 7Srxy^y 

j?'.tT-nMA 1 0. 03 G ao. 97 N :J y:^' ^ h» 2 2 SrSai 
^-ti:l>. <!Kiz. u=JXhim^L. wmi^'^^^X\ IE 
|g«flB3 0 t nmm&2 90'J 7 Vr^yf^^-^'^'B^ 
•th,<!K^^X\ Tim:^-%-/9nMh.WMmMMfAX'h 

li«J|St&U7h3i-7L, ni!lJi--5-y7m®fcii^^ 
y>j^_y^jg^t^c. ^«f^> M«lffflMT-4 5 0-C-C' 
fSMS n W^- 5 -y 2 9 SrJ^^ 1 7t . <KV ^ 

[0 1 18] EI4{i:3is:%Bflt:f^^^f^^S^fl!5 

[0 1 1 9 ] ll4$-#HS-t-|>i:, Zcoy^hy^:^-}^ 
(i. -9-7r^Ta^4 0±tC, igiSGaNvs-y^r-Jl , 
41. naGaN3y:5'^'hii4 2. fiElSnSAlo.i 
Gao.9N>'N'-y7r-Ji4 3. nSA lo.osGao.gjN 
^44, pffiAlo.o8Gao.92Ne45, A\U^^-y 

ym 4 6 tmmzms $ ixjt^iiitjt t -r v ^ i. , 

[0120] ZZX\ P®A lo.o8Gao.92N«4 5tC 
(i, pMK->'^°>'^fc tTc7)Mgi:ISI^l-. B (;Ka 

[ 0 1 2 1 ] LT , ±ia«Ji«itS: A 1 N^f -y TJl 
46*»^>nSGaN3y:J'^'hJ142 I. * "CX 

,y ^ y ^ L X , 1 5 0 At m<^^ -f 1iit*^'J^^S tfC 

[0 122] ^■9-^iii±^'^Al N^^>yre4 6{i, 

-ecO^hJSA'^'J y:^'mzJ^-y^yy^'i^^ 1 0. osG 

ao 92NJi4 5co«ffi*>'Saib-cv^i,, ISttit/::pMA 
lo osGao 92N«4 5cO^®l-«i'Jy;/^«<^Pffl!l'i-- 
S-y^mffi4 83&«JgBg§ixTV^|,, ifc, SUibfcnS 
GaNny^J'^? bJ14 2t{in||!ljf-5-y^«ai4 9*^' 

[0 123] 5i— S-y:7^®4 8. 4 9*SJ^)S$ 
iX-CV'>l.gl5^^mcO®lSt:«S i 02ffi^aM4 7*i" 
^^c. ^-ffflitlilffiiinSGaNny 
^'^ha42±iOS i02^i^S^47±(Cti, pfflS 
3r-Sy^J'^48*^'i>§l#ai$ ix^vil^m® 5 0 

[0 124] |2I4«07*h:5^^'r-Ht-*5V^-r, ^"911 
5t±gBcOU y^*^<7)p{a!l:t-5 -y ^'«S64 8-CH^iX7^c 
a5^^*<S3tffl3 OOi:^^. Cc07=r b^^^t-Fl^jt 
ysMTX^en^nL, S3t®3 0 0lC3t?rB5fl^-rSi:. 3t 

-Hti, 34 6. 1 nmJ:0®V->jS^-CcO3li-fe>'^?--i: 
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[0 12 5] <Xt-. 124(^7* h^^5j--h'c7)f^Ig 
«y b L, A^.m^^'^'P^ 1 1 2 0'C-C«L. a«4 OCO 
[ 0 1 2 6 ] <J:V^-C\ iaS^ 5 2 O-ClcTJf . #ffl»?r 

NH^tmrnt 7\<.m<r>m^'^A'^^s%iz t . t m g €r»S[ 

[0127] }X^^X\ ?fiJK€r 1 0 5 0"Cl;:±{t\ TMG 
tSiH4&«*&L, nSGaN3>'^^h«4 2S:2 

Mm<Dm^i,zmmL. u^^x. assreoo'ctcTtf, 

TMGhTMAi: S i H,Sr«tif^LT, fiE^anSAlci 

Gao 9N>'<'y7r-Ji4 3S:*^5 0nmc7)Jl$(,ctt« 
t, ?XV^t\ VSJK^ 1 0 7 0°Ct:±ff, TMG^TMA 
tS i H4&ttSi^t-C. nMA lo.o8Gao.92N®44 

[0 1 28] S i H4<7)tt*&Sr±46, (EtC 

P) 2Mgi:B2H6S:**&t. pSA 1 o. osG ao. 92N 
1451^0. 5A£m<7)iIS, A 1 N=3f'Vyr«4 6 2r 
0. l/xm<7DJi:$tC:«iit/io 

[0129] m^B^^mT'ik. prnmcoimsatcotz _ 
yj, ^mmm^^x\ 7 5o-c-ci 5^ra«o^as:^T 

[0 130] l*!@l 3 Oxtm, J'hJ^l 4 S^mc?) 

^tV\ A 1 N=SfA"y7°B4 e&X'/f-y^T'i^^t. pS 
Alo o8Gao.9 2NJ14 5<7)^ffl?rl5tiit/>:. 

[0131] }^!:>'^t\ x-y ^yi/T-mt/c u y 

yj^^-y±.iZ. U'J:^ hT-iSfS 1 5 0 AtmCOR.'N'rJ'- 
fl:t;rK^^x>y^>':?'"Srffv>. ^^^2 umco^^^m^ 
^m^-t^tti>(>Z. nSGaNny^'^'b«4 2S:^ 

[0 132] \yi^Xh-7Xi:'t:m^Ltz^k. ^xy^-l: 
7-5X-7CVD^at=;-fev hL, ^WCS 102)14 7 

[0133] paw- 5 •y9mm48imm.L 

fz. P fillet- 5 -y ^'€©4 8 (?)?^BgXS«i<XOji 0 T'S) 

cOif^^N'^-^trmUcf*, S i 02P4 7SrU>'^ 
^^(OX'y bX-yf-y:J''Ti*#, pSA lo.O8Gao.92 
N«4 5SrIiaJ§-tt'i'. i^CV^-C-, pffl!|ji--5 -y 
f4t:'*>I.Ni/Au5:3l«L/i. -e^Of^. '^x^s-Sr* 

mwiizmt. lyiyxh^m^^bxi^'J^ h±i,zmm^ 

0 0*C-C«yyiat, pMA l o. o8Gao.92NJi4 SlCp 
(i!|jr- 5 -y ^7«@4 8 5r JgB£ Ltz. 

[0 1 34] vx»'^-c', nm^-i-y^^^^9tmun 

m5 0ti:m^ttz. nffl!l5r-5 y^'l:flg4 9i:E^m 



msocom^xmimcrimrtx'hh. tr. nSGaN 

X':>t'f^mtsm^<7)y(^^'<^-y^:1^^l'^^^ SiO 
2^4 7 Srx .y ^ y^UT nMG a N 3 y;?^? 4 2 

X\ i^«®5 0i:niamii4 9fi0'J7b^7^N*;5'-y 

mx'hhT iXA\?:mmLfz, -^x^N^r^m 

7 h t , n H^- 5 -y ^«Si4 9 
i:iS^«fii5 0O^N-^-y^^B£t/i. -ec7)f*. 
H^4j, 4 5 0'C-Cl^ftjaait. n(i*-S'y:^'llffi4 9 

[0135]*^^, m5it^%mizi^^^mii^mm<^m 
commii^^-tmx'h'o, msc^mx-a. ^mw^^mi 
i^mw\y—f~tbxm^^tix^^^. ii5«^ 

[ 0 1 3 6 ] H 5 &#HS-r ^ i: . C<50^*W— If- , 
{S, -y-^r-^ra^e 0±t~. a l GaN{S?S>''^'y7r 
-«61. nSAlo.o3Gao.97N3y:5'^ bB62, 
nSAlo.o8Gao'.92N^7-yb')i6 3, nSGaN*' 
^ Kil6 4. I no. 15 Gao. 85 N/ 1 no. 02 Gao. 98 N 
^Si^^FvStt* ( 2'<T) 6 5 . pMA 1 0. 2 Gao 

gNJiee, pMGaN;;^-^ h'a6 7, pSAlo.oeG 
ao.92N:?5-y b'«6 8, pMG a N^y^ ^' h«6 9 

[0 137] ZZX\ P®Alo.2Gao.8N«6 6. P 

SGaN;^?'-f HJ167. pMA 1 0. 08 G ao. 92 N 7 -y 
FS68. pm.Ga.Nay'f'-p hS6 9l,zii, pSK- 

[0 138] i/c, ±ie«atiit«±, pMGaNny^ 
he6 9<?)«ffi*^^nMA lo.osGao.gTNay^'^ 
h«6 2i-CX-y^y:/§a. nSA 1 0. 03 G aj. 97 N 
rjy^-^ hJi6 2<7D^H*^'sSt±ltTV>-i>, HtBtfcnS 
Alo o3Gao.97N3y:$'^b«6 2±Wi. Ti/A 
l7!)^i'5rl.nffl95r-5 -yr^BffiT 2t^m^^tlX\^h. 
[0139] tfz. pSGaNny:?:^ hJ16 9<7)^ffl 
A- <b P S A 1 0 . 0 8 G a 0 . 9 2 N ^ 7 -y b' Jl 6 8 ^it + * -C- 
X.yf-y;7 $iX. «sii^^U y v«3t4 0 0*<J^B£$iX 
TV^I., •J<yj/'tSjt4 0 0«^S«ffii0pSGa 

N3>-:J'^' bJie 9±Wi, N i/Au*>^>^i)pi!ljJ" 
-5 y^'«li7 l*^'Jg^$ixXV^^, 

[ 0 1 4 0 ] m^j^^iaJJ-Wi. 0 

tLxsiOitmm^ixx^^^, -etT, ^^»^ 

7 0±«i:pM«fiB*»^>?l^ai$ix/iiB^«@7 3*<J^ 

[ 0 1 4 1 1 -eu-c, aJi«jtt«si5B»^^u ■y'jmmt 
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[0142] zco^^i^!^u-^'-(^VM 71,72 izm 

^ ^ U-^-^m-th . I%iijfe*ti*^4 0 9 n mX'h 

h. 

[ 0 1 4 3 ] |15<7)^^*l^— (f-c7D-f^lSfi?'J 

-<mMWM.<rM^^\ty^ O C V D&-C-tT-> . 
[0 144] ^co^mx^CT-eti. *-r^ -y-^r-fr* 

0 S:Ria5«l;-tr •/ h tK^^'X^J, 1 1 2 O'Cf 

[0145] »:V^t:% iaK& 5 2 O-Cl^W. #iBMS: 
NH3tM«i:7l<«iO?I^?!7"^#Hmi:t. TMGhT 
MA5rgSt. ffiiSA 1 GaN>'N'-y7r-il6 l^rttat 

[0146] }J»:v^-C\ 'ia^Sr 1 05 0°Ct:i±{t\ 7K^$: 
^^UT^yxt LTTMG, TMI, S i H, Srffi^l- 
S>i5-ti:T«*^L. nSAlo.o3Gao.97N3y^^he 
6 2S:2//m<0JP§, nSA 1 o. osGao. 92 N:?7 -y F 
J163^0. 7/zmOlf$, nSGaN;^-^ K;16 4$: 
0. 1 Atmc7)»§tc«JiL/::. 

[ 0 1 4 7 ] »:v->-e. *#;yx<?3fifcf&2r±tf), #ffl§llSr 

Ttf. *«^=3f-rUT;?"XfcLrTMG, TMlSr«*& 
t, I no. i5Gao.85N/I no. 02 G ao. se N^S*?- 
#Fvgtt«6 5 (2'<T) 2:BSi*L3t. 

[0 148] ^:R#Hm5:NH3i:^«i:*fg 
«?I^;&'x#H^l:t. laSS: 1 0 7 0'Ctc±lf , ^KS 
^d{.^>JT?yxi; LTTMG. TMA. (EtCp)2 
Mg. ^tWz^m.'mzhir>^Xmk\^. PMAI0.2G 
ao.8N]i6 6^2 0nincr)ISS, pSGaN;^-^FB^ 
67*0. l//mC7)if:$, pMA lo.o8Gao.92N^7 
•yh'®68S:0. 7xzm<?)Jl$. pMGaNny:?'^' F 
ji6 9$r0. 2x<m«lf $ least ^c. 

[0149] *S^^:l*ITf*, pMilwmfii-fLO/i 
M3g#ffl^4'-C, 7 5 O'C-C'l 5^ISI«0^a5:ff 

[0 1 50] Ji^V'T', F-Cte4//m<?)XF5-^7" 
yN-:$'->'Sr^03Stf y^l mmTJgBS;t:^^. CLCDl^i^' 

5^x-y^yi/L-C, 'J-yi/'m4 0 0S:J^fiS;L/i. 
[0 151] US^Xhv^:7S:l^*t/tt^t::. $A>tc^ 
FT'U i^«ji4 0 0 trSoileS 0 0 mCO;^ b 7 
^^VN'rJ'-y^r^Oiltt'vf-l mmfJ^fKLfc. Cic') 
lxi/xh^N°^-y2r-?X^'i; LT, *^1 . 5/xm<0^$ 
tCH7-fX'y^i^i/t-C, n^A 1 0. 03 G aj. 97 N 3 y 
:?:?bJ16 2J:Siai$-ti-/c. iXV^T. ^l^»^7 0fc 
^: S S i O2 *«Ji^jt«oaBi;*9 0 . 5 mtt« t 

[ 0 1 5 2 ] }J:v>T\ pffl!l:t-5-7^'mfiS7 iSrJ^^t 
^ . P 'm- 5 -y ^' 7 1 <OJg^S»i»:«Oil 0 r $> 



I., -r^i?-^, >j -yi;'tijt4ooco±gptw, vi^ 

>^.^■C■5^^^7'f7V^°:5'-ySrJ^BS,U^:^^> S i O2 
IS 7 0 SrX y ^ y ^ LT U >y P SG a N 3 y ^ 
F®6.9SriStli$-t2!:-5.. <>:v^T\ l^i^';^ F$rl^*L, If 
JgW- i/X F ■C'*^4 5 0 /X mUCO^ F 7 'f 7Vn°:? -y 
m t , U -y i^'±t- P fflS^- 5 -y t7 flffiWWTfc S N 
i/AuSrll*t/v:. -e^Of^. '^xyN-SrWgfira 
t . Vi^y^ F tT UvX F±tc^«$iX7t«Si*t 
SrU7F5j-7Lt:, i^'-<oaS1«jt±i-<^^ 

#ffl^4>, eOCCTWilL., pSGaNrjy^'i^F 
9tCpii:^-5 -y ^mS7 1 SrJ^^t5t. 
[0153] a^V^T', nfliJ!-— 5 •y^^7 2i:i^1S 
flB7 3i:$rJ^Bgtfc. nll5i--5 -y ^«ffi7 2 
li7 3i7)Jg^Ig{i»:iOil'9T'3!>^o -r^^:'*>. t.-f . 
nM A 1 0 . 03 G a 0 . 9 7 N 3 y ^ F a 6 2 ±gP<0 S i O 
2^7 0±tc:, ^i;j:<>Ft:'IDl 0 0Atmite<7)if=JfXF7 
^7Vt^-y^Jgfi£L7^^f^, S i O2M7 0$:x.y^y 
^- t-C nS A 1 0. 03 G ao. 97 N 3 y FJl 6 2 SrStb , 
^"th. ^i/XF$rl^*L:tf^. St/Vi^';^ F^M^L 
pffl!l€fii±i: niffljr-S -y i^mSrJ^fiSi-rSSP^jH- 
U7F:t7ffl^0«®>'^•^'-y$rJ^fi£■r^o <?:»'^T^ nlBl 
^- 5 -y ^ m:^«^4 1 l> T i / A 1 «7) 

*^ LT 1^ i^'X F±lC^«$ix^^«ffiW^5r y 7 F ^7 
nfflij7l--5-y^7Sffi>'N-:5'-yi:iMS«fii>'^:5'-i^2r 

j^fiX-r^. -e<^f^, MfgiiHm-c-4 5 0'CT'Sfesaat. 

nlil7i--5 ■y:J'«ffi7 2 5rJg^L/c. 
[0 154] <J:v^T\ -9-7r^TS«6 0S:ff<We 

t . 'J -y xt»jt4 0 0 \>zm.ummztiih j; ^ tcS'J o , 

[ 0 1 5 5 ] * , H 6 \tm&!n'm 1 c7)#Sl5:fr}£T-#lS 

L/^IIIiSS-ftifi!)^* (P^A UGa(i-.)N (0^ 
xSl) ) £7)— fi?iJ$riKBH-tl)/i>^<0ll-C3bS. J;'5i¥^ 
tc. |26{i:*%Bfl<0pfflA l,Ga(i.,)N ( O^x^ 

=5:fc. CtO^K'Ji, pSA l,Ga(i.,) N (OSx 
^1 ) {±pMA lo.o8Gao.92N-C'$>0, ^^^B^¥e\k<r> 

^^mmmz%-tixh^mmv,t^y ^"f-iy^"^ f- ^ ->'y 

(MMHy ) T-Si^i: tTV>S. 

[0 156] EiemB^-rsfc. Hf^r-rra^ 

SOSrMOCVD^at-'fe y F 7K*;<7X4'> 112 
O^C-CDnSftL, ^8 OiO^®2r^"J— -y^t^c. 
[0157] <XV^-C\ 5 2 O-CtcW, HH^Sr 

UT^yxi: LT, TMG ( F 'J ;< U A ) 
t, fft?aGaN^N'-y7T-/18 1 $rltaL3t. 
[0158] iXV-^-C, iaS$: 107 O'CtCitf , 111]^ 
IS5i£fi:LTTMG ( F U-^A) tTMA (F 

U^^;l^T7W5-'>A) ifc. pSF-M-yFtL 
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X (Etcp) zMgSr, tfz. mmmmtLX'ty;< 

f-;Uth'7->'y (MMHy) ^hl^ZBiHetrMM:^ 

[0159] t^^Bf&^klz, 1 1 IiS1^^4i: pS K-^N-V 

%) hg^^'Xt^^'^^^l't h-^v-'y (MMHy) CO 

[ 0 1 6 0 ] ?^a]f^. T>xyN-5:lX0tBL, ^^afi^SL 
A 1 0 . 08 G a 0 . 9 2 N SS^B 8 2 CO^ffiC«@Sr ©BK UT 
:^-;^^i^^r1^r>^, Cl^i^*. a lo.osGao.gzNJl 
8 2C0^A'yTiRiSti8X 1 01' cin-9f<Kffitil<73pS 

[0161] 07. m8lim^<Of^l'ni^'ff^ 
Tim t3t^f*:iia£0-i5iJ2r|jiHH-ri) /v:i6cO[l-CS) 
^tJ, 07. 08c7)fl?iKii. ^ico<'^SJ:fr&tw*3V^ 

LTV^I,, t^t:, 07, 08<7)m'«. 4^#:^S{i7 

0,08{i:7^b^W^-b'i:^S ma^«jt«OMB^H^:S: 

[0 1 6 2] 07. 08S:#Mf i<7)7^h:?'^ 
nffiGaN»K9 0±t=, fg;?flnSA 1 0. 1 
Gao.9N>'N'-y7r-Ji9 1 , nMA 1 o.osGaj.gaN 
jl92, pffiA 1 0. 08Gao.92NJ19 3, AlN^-v-y 

[0 16 3] pMA lo. o8Gao.92N«9 3tC 

y) ifi]^—\^yy^tix\^?>. 

[0 164] tf2. mii^M-t^t, A 1 N^-v-yT 

v^yy^fl. PMA lo.o8Gao.92NJi9 3<0«a*^ 
m^LX\^^. ®aiL/ipMA 1 o.o8Gao.92NJi9 3 
cr)^ffilC{i;plPW-5 -y^mfisg 5ti^M^tlX\^h. 
tfz. nMGaN»K9 0c7)SBtC{in(ffl:t-5-y:5'« 
fig9 6*-'J^«$iXTV»^. 
[0 1 65] 07O:7*br-^:t-F"r'{i, pfflll^-S 
■y :?m9 5 t'H4ixf^RJ^gC^i-**"^3t® 6 0 0 i: ^ 

a6 0 oiz^i^,Mtt^byt<^wizfimLtiyem^i.*^ 

[0 1 661 07«O7* Jt-KJi. as-gro 
w n-C'pSA 1 0. 08 G ao. 92 N« 9 3 *^f^M$iX-t V^|> 
OT\ pS'(b07ti^<7)»3!ftS5:j2^i: LTV^:^:^,^, ^(D 

[0 167] yjt::, 07<?)7:*-h:J^^:t-b'iOf^^r^ 
SriJiBfl-tS. i-f- nSGaNS«9 0^RjE'glc-fe y 



[0168] <!f:V^X\ SJSS- 6 0 O-CCTf , NH3 1 
MSfcTkS^Orl-^^'^^H^X'. TMAi:TMGt3j:tX 

SA lo.iGao.9N>'S; y7r-«9 lSr^5 0 nmOJI 

$ctliSL. iass: i o 7 ox:fc±tf , tmg 

tTMAh S i H4&#tj§tT. nSA lo.o8Gao.92 
Nil 9 2 5: 1 mCOJf § L^C. 
[0 169] <XV^T. SiH4<7)«*&&±i6. (EtC 
p) zMgfcBaHeSrftJ^L, pSA 1 „. 08 G ao. 92 N 
S93^.0. 5//mC0JIS, AlNdf-^>y7°J194?r 
0. l;umCO/f $tcailLJt. 

[0 170] iji:^*^', TMG, (EtCp)2Mg.B2 

[0171] mz. mil 50/^m^0TO>'^°^'-:/2^^ 

K^-^x-yf-yi/SrffV*. VX^>'N°:5'->a$'l-OA 
1 Ndf^-y7-®9 4S:X-y^>'^^^L.^v:, 
[0 1 72] <{i:v^T\ pflW-S -y^flffig 5 5r®)S;L. 
7t. pil3j--S ■y^'««i9 SOJg^^tiiJ^'OjlOT-'J) 
-f^xh-h. ^-t. A I Ndf^•y7•«9 4^0RJ^^^•:5' 
—y±i,ZUi^^hX'UU14 0Mm<7)P]B<7)^'^:^-y^ 
ffMtJtf*. pIRIJ:^- 5 -y ^«li«W-r'*>§ N i /Au 

trmt^tXU'J:!^ hJiizmm^tifznmtt: U 7 h5}-7 

bt, A 1 Ndf-vy7"Ji9 4iO«l§«$^l^^*L/i. ^ 

com. mM^m^'p. eoo^cx-msML. psai 

0. 08 Gao. 92 NJi9 3 i-pW^- 5 -y ^'«ffi9 5 $:Jg^ 

[0 17 3] <5i:v>T\ »K9 0 COS® Wist. 
1 0 0 /X m LTtf* , n fJlJt— 5 -y «ffi$f^lT'*> l> 

T i / A 1 immLt:, ^<Dm. m.mnmfs.x'4: 5 o-c 

[0174] 09, 010 im^<7)t^ 1 o-f^:^ 
fcl). ^i3. 09, 01 oo^Kii, 1^ 1 cof^:fi-Stc 

si:tTi.. i^^. 09, mio(Dmx'ii, ^i^mw 

{i7*b^-f3}--HT-fc*). 09{i7:r h^>f*-H<^ 

[0 1 7 5 ] 09, 0 1 0 Sr#S5-ri) i: . C:<07=)- h:/ 
-fjf-h'ti. nSGaN»Ml 0 0±tt, (S^SnSAl 
0. iGao.9NyN'-y7T-;il 0 1 . nMA 1 o.osGa 
o"92Njil 02, pMA lo.o8Gao.92Nffll 03*« 

mzw§^ixxnmmm:^xhx\^h , 

[0 176] ^:iX\ pSA lo.o8Gao.92N«l 0 3 
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[0177] tfz. zcoy^f hy-i^-y^ii. pSA 1 
aj-ri. *-C'x y ^ y^^Lxm^^titimm 1 5 o m<o 

CO 1 78] -eLT, ^iffiljtfcX.yf-y^^tCi-o'CS 
HiSilfcnSGaNSMl 0 0±tc:{±. S i Oj^^K 

1 0 4*^J^B^$^^TV^S. 

[0179] ^•9-«it<7)±Si5WS i 02^K 1 0 4 

0 osGao.gzNJil 0 3O^®*^Hti!t-CV^.i., HffiL 
^^pSA 1 0. 08 G ao. 92N« 1 0 3c7)^®tC{±. 'J 
*icc7)pi!l5j--5 y^mSl 0 5*«J^^$ixTV^i,, * 

G a N a« 1 0 0 ±iO S i O 2 1 0 4 

fi, pM^-S-z^'mSBl 0 5A-'^?l#ai$ix?'-iEmfl: 

tEl 0 7*^J^^$ixTV^I), 

[0 180] ^fc, nMGaNSISl 0 OtfO^fcJin 
5 .y^fl;® 1 0 63&^'J^fiS.$tl.tV^I>, 

[0 181] EI9«07*b:S^^:t-b'-C{±, ^^flijt-h 
a5<7)>jy^*5<^Pffl!l^-5-^^*®l 0 5T'H^il7ta 

^ rxtrEPSQ t , S3teffl 5 0 0 I^Z^imM-t^ t . %<r) 

[0 1 82] I5]9C7)7* hrJ^^^r— h'fi. as-gro 
wnT'P®Alo.o8Gao.9^Ni■l0 3*^•#S^$^^•CV^ 

[0 183] <Xt-> |29C07:t hr/'f 
SriiBfl-r-i.. nMGaN^^l 0 0$:Rli;'^t=:-fe 

12 0 •ctijnfife t , a« 1 0 0 c7)«iasr 9^)-~y'f\-' 

[ 0 1 8 4 ] <XV>-C\ iSJgS: 6 0 O'Cl: N H3 i: 

M^t*^<^?FL-g-^'X#H^-C\ TMAtTMGfcilA 

^Alo iGao 9NA-y7r-iil0lS:*«j50nm<^ 
^$Cttat. <XV^t% iSJ^^ 1 0 7 0-CtC±ft\ TM 
GfcTMAi:S i H4^«*&tT, nSAlo.osGao 

92NSI 0 2$rlA£mtfOW?tcaiiL./;;. 

[01851 »:V^-C, S i H*^^)^^*^?:^*^. (Etc 
p) z^stBtUei^ittL. pSAlo.08Gao.92N 
jfl 0 35:0. 5um<7)m^l>zmSLfz. 

[0 1 861 iXV^f, TMG. (EtCp)2Mg.B2 



[0187] '^\^X\ U-i^'X hTfig 1 5 0um<7)PlJ^ 

^.-y^Ml^fz. ^<7)\^=JxVJ^9-yi:^:^^ tL 

^m^-thtt^<<Z. nSGaN^^l OOSrHai^-* 

[0 188] Vi^XV-7X9^Wt;Lfdik. 
r^X-eCVD^MlC-fe-y M.. Affiles i 02^10 

[ 0 1 89 ] <J:v^t:\ pIBItJ-— 5 •y:^'fl;ffil 0 5?rJ^^ 
L?t, Ri]>j--5 y^flffil 0 5c^}^^g{±<J:<OjiO 

yi^<r)^^f<^-yt:m^Lfztk. S 102^104?: 

U y^'^^tOX^y bX-y^yi^'T-ftS: , pSA 1 0. OsG 

ao.azNiil 0 3$:liai§iir^. <XV^T\ pffi!l^-5-y 
:7®Bi*t!Pt'C$>?)N i/Au$-|g*L7t. -?-<?)f*. '^X 

{zmM^fitznMM'^')yy^yi'X. ^'■•^i.mzpm. 

^-^.y':;W^j^-<^-y^m&Li^. ^<7)m. MS^ffl 
^v^i. 6 0 0'CT1^St, pSAlo.08Gao.92NS 
1 0 3tc:plfM-5'y^»El 0 5im^Lfz. 
[ 0 1 9 0 ] <J:V^T\ i^miBl 0 7 SrJ^fiat/c. iSI* 

1 0 7 (?)m!^mrA(r>m K>x'hh. -t^ij-tb . t 

•r, Ixi^Xhf : i5^«ffil 0 7c7)'j7b:*7>'N-^-y 

[0191] ixv^t', nmrnm loe i o ocor 
mizmmbfz, -ttsihib. MSI oo<7)^icTi/A 

\^mmv. ^com, ass?Hm4', 4 5o°c-cm«^ 

[0192] Sf^t, £/y:/S:^tV^, 7 ^ 

_H^^>yr^j-^Lys. 

[0 1931 121 1 . HI 2.l.mmLtzm2<D^ 

mx'hh. '5r*j. 011. 01 2<r)mx'\i. ^imm. 
^mmwtmmty^ ^- f-c-S) o , h 1 1 

II 1 2 \mmmm.%±y^ ^- ^' t 'Srs^s^sjtco^ 

[01941I211. 012 2:#B?.-r^ t . flit^^ 

[0195] ^3tr-f Tj-- Y<m.mmm\t. ns 

GaN^110±tC, nSA 1 o.o7Gao.93N^Kia>'^' 
•y7r-JIlll. nSAlo.2Gao.8N7^-yH«l 
12, Alo.o7Gao.93NvS14ai 13, pMAlo.2 
Gao.8N^'5-/b'«l 14, pMGaNrjy^'^' h« 
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1 1 5^mi!f:i>mm^tixm^^irix\>^^. 

101 96] ZZX\ pffiA lo.zGao.gN^^vh'Ji 
114, pSGaNny^^ hSl 1 5l,zii^ pMTM 

mx'h hMstm^iz BtimM^ixx v > ^ . 

[0 197] tfz. ^^M^r-H^OpSGaNnyi? 
^hSl 1 5±lC{i. N i/'Au*><i>^-i)Pll!lJf-5 -x 

CO 1 981 il5t, »K1 1 OCOSffiCCti, T i/A 1 

[ 0 1 9 9 1 >e LT. ¥<^mmiimR 

1 1 OCJtt-CSltfcJ^BK^^T-TV^S, 
[0 2 00] Z(7)^y-f^-Vii. pM, 
-y^mffil 1 6 , 11 7(dia:fr|6]«0>'NM TXS:*HtS 

t %3t^M ^- }i<7)-mmxh^^tiimms7 o o*» 

t'-i?-^;^«i. ^3 5 0nmT-$)o^^. 
[ 0 2 0 1 ] H 1 1 W^rJ'M ^- 

1 1 O^RJSE«t=-b-y ^ t. Ty^-T*'X4', 1 1 2 
O'CT'jDlSt, a«l 1 Oc7)^ffiSr^';-->'^^t?t. 
[02021 »:v^T\ fflS5r 6 0 O'CtcW, SHimSr 
NH3tS«fc7K«<7)vM-^*'X#ll«liL. TMAi:T 
MGfc J: VnMH h;<7X-CS>l>S i Hi:ffX^^i 
t, nSIKiSAlo. o7Gao.93N>'N'-y7T-Jil 1 1 S: 

[0203] <!K^-^X\ 1 0 7 0'CtC±if , TM 

G. TMAl!3J:l>'na:^Mti;y^i:tTSiH4S:ffl^ 
tC$>i5-ar-Cfl^l&t, nSAlo.aGao.sN^^ yHJil 
12^0. 3Atm<0/fS, A lo.ovGao.gaNvSltiil 
13^0. OSMmcrim^iiZmSLfz. 

[02041 JJCV^T', nM^*E!B!lS*SKOftfcOtC, pM 
^'FMTOm-S)'!* ( E t C p ) 2M g h-etLi: |H]B$tCB2 
Hs^mfS.^zhh-tXm^t. pSAlo.aGao.sN^ 
7 y HSl 144:0. 3xim<7)J5$. pSGaN3>^ 
^bJIllSSrO. 2//mc7)l5$lcSiIt7^.;, 

[0205] *SB%B£:fe*^Tf^. R^E'grtSrr y^-T^' 

[02061 ?ftaif^, «ii«iJilRBlC7^X^'-?:^TI. 
^a*^'WO, *ffi<?DpSGaN=/>':5'^'h«l 1 5 

[0207] <!K^^X\ pffiS^t— 5 ^V&i^f^X'htN 

i / A u S:«)i=t«Jt±® t . ^ ^f* . as#si 

^4-, eOO'CX-mmb. pSGaN^yrJ^^hSl 
1 5lCpfilJ:t— 5 v^fl;®! 1 62rJ^^t/c. 
[02081 <Ji:V>-C, GaNS^l 1 0c7)^S:9f^ 
L, *^1 OO/imCOlS^KLJt. -etT. GaN««l 
1 0<7)KffilCnlia5r-5-y:5'Sa&*J*^t;-$>4Ti/Al 
$:I|«L., e^#ffl^"t'4 5 0*Ct1?!y!!!!SUT, ni!|3j- 



[0209] ixv^-c', mm^'^^wiLx. mmmio 

[02 101 ttz. mi 3. mi 4, mi5im^Ltz 

^.2(oim-jjmxim^tit:^wmm(m<^mi:m^n 

■r^rz^<7)mxhh. =5ri3, 1113. 014, I115C0 

Mij[^^zmm.^j:mx'<^w\mm. mi5im^i^u-^- 
comx'hh. 

[ 0 2 1 1 ] m 37^^12 1 5 t , ^Wl^ 

—tf-cO.^il-^jtl 0 0 Oti, nSGaNS^12 0± 
tC, nSA 1 GaN<K?a>'N'-y7T-Jf 1 2 1 . nSA 1 
0 oaGao 97 N^?a^>'-y 7 T-« 1 2 2 , nSAlo.o7 
Gao.93N^7'y 2 3, n^GaN^W K« 1 2 

4. I no. igGao.ssN/I no. 02^^0.98 N^S*?" 
#Fvgttai25, pSA 1 o.2Gao.8N® 1 26, P 
SGaN^M Fill 2 7, pffiA 1 0. o7Gao. 33 N^' 7 
•y H« 1 2 8 , pMG a N rj y hJi 1 2 9*^li<?:t , 

mm^tixm^^ttx^^h. 

[02121'et-C, pSAlo.aGao.sNSl 26, 
paGaN;^^ KSl 2 7, pMA 1 0. 07G ao. 93 N::? 
7-yHJ1128, pMGaNrjy^:? hJil 29W±, 

[02 1 3] m®«itl OOOJi, pSGaN^y^^ 
hmi 2 9C0^M^^^PSIA 1 0. o7Gao.93N^5-y K 
Ji 1 2 8<7)WPt.X':^ -yi-yy^tL, MWM^V •/ i^'tf 

0 otimfS.^tiX\<^h . 

[02 14] -eLT, U-yi>«jt8 0 0c0ftl^®OpS 
GaNr?y:5':J'hSl 2 9±lC(i, Ni/Au*>^'5rS 
Pffl!]^r-5'yi?««il 3 lA-'J^Bic^itTV^I.. t^o, P 

mmmm^^iii^Hi, mmmm isotvx. s i o 
2i}mm^ixx\'^^, 

[ 0 2 1 5 1 -etr, mmmmi o o o -y 

>^J^)t 8 0 0 i: ^liaSEtc^t^^SS® 8 0 1. 8 0 2 
ijm^^tlX^^h, 

[0 2 161 ttz. GaNS«l 2 0<7)^IC«, Ti 
/A 1 *»<?>!5:S nffl97j--5 •y^'mffil 3 2*5}^j£§ii'r 

[0217] ^cOij^^^f^lx— r-cD«fill 31. 132 

^^^b U-if-^ii VfZ. ^m^^tm 0 9 n mt- 

[02181 mz. mis. mi 4<r>imw\^-^-<^ 

1 OOOc7)feB^Hfi£««MOCVD&Tffo^c. ^-r. n 
MG a NS^K 12 0 ir^l&SiZ-b <y h t , 

r>'^:-r;ifx<^M-&>yx4'. 1 1 2 0'acjp^L, s 

Ml 2 OiO^HS:^ 
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[0 2 1 9} iJCV^f. iaffi&6 0 0°CtcTff, NH^b 

mmt7m<^M-^:^'^nm%x\ TMAtTMOfciiA' 

1 G a N^N'-y 7 r-B 1 2 1 SrtflW tJt. 
[0220] <XV-'T\ 1 0 7 0*C(C±{f , 

:^^Ur;<^Xi: LTTMG, TMA, nm^U^:^'^t 
LXS iH^^m^iZhiy^XmnL. nSAlo.osG 
ao.97N^S>'<'/7r-iIl 22$rl/xmC0jJS, nM 

A lo.o7Gao.93N;?7-y Fill 2 35r0. S/zmc;))! 
nSG a N;iy Hit 1 2 4?: 0. 1 /zmc7))?§ 

[0221] »:v^•C^ 7j<«^'Xc^«J^?:±S^, #H^S: 

Ttf. VTA'Xb LXTMG, TM I 

I no. ijGao.ssN/I no. 02^ ao. 98 N#M4?- 
#Fvi§14ii 1 2 5 ( 2^T) i:m.^Lti, 
[02 22] <J:v^T\ fi£*»HmSrNH3i:M^t7j<» 
<7)?I-^;y:^#ffl5%t-t. la^* 1 0 7 0^tc±tf , 7j<« 
^^^ijr^-Xi: tTTMG, TMA, p a:?r^!f5!lJS^4 
CO (EtCp) zMg. BzHe^mmzhh^Xm^ 

pffiAlo.2Gao.8NJf 1 2 6S'2 0nm£7)J?$. 
pMGaN;iy-'f Hill 2 72:0. 1 /^mCDlf pMA 
lo.o7Gao.93Ni?7-y FBI 285:0. 5/^mC0J» 
pffiGaNayrJ'^bJil 292:0. 2/xmOff$ 

[0223] Ma^B^^^iTf^, Km^smry^^TA' 
x(r)^<omm%iz Lxm^^m^^mMtx''<^&Ltz. 
[0224] ?#jnm, mmmmmmizy^^is'~^^xi> 
b. mMfs^^o. mm<r>pmGa.Nziy^i^hmi 29 

[0225] I'S/X FT'i|@4 mcOX b 7 ^ 7° 

y<<^_yj^i5igtt:-yf:3 0 0//mT'J^^t. CK^l^ 
>''XF>'N':5'-y2:-7X^?i: tT. *^0. 7/.£mc7)ggSt: 
K X v ^ Vi?' LT , U •/ x«it8 0 0 2:J^^L/c. 

[02 26] L7&»Sf^. U5^'Xh-7Xi?$:|^t. -e<0 
f^. ^i^a^ 1 3 0 h^l. S i 02 $:«a«it<0^1i 

[ 0 2 2 7 ] ailV-iT', pffl!l^-5 -/^llMl 3 1 S:?^J3S; 

T'S)^.^^^-^. t-t. V 'yi^mm8oo<^±mz. 

\yiyXVX'>(^:xV^^y'f^9->^'S^^l'fi.^k. S i 

0 2 1 3 0 1: X ./ f- y :/ LT U y i^' 8 0 0 ± 
(TJpffiGaNrJi/:^'^ hJIl 2 9 ^-HSlS-ti:^ . iXv^ 

-C. iy'JXV^Wiil'. ^x.f\-mm^zpm:^-^-v^ 
WmfAX'hhli i/Au2:^«L^>:. -e^Of^, M«» 
H^pf, 6 0 0-CTl^aL, pMGaN3y:?^'hS 

1 2 9tCpffl!l3r-S -/^^flifiBl 3 1 5:?^Bi<:L7ti, 

[02 28] iXV^T', »K1 2 0c7)^S:?5f^t. Jf^ 
0 0/imCL/^f^. ««1 2 0cOSffiCnffla:i-- 
5 'v9W^ViX'hhT i/A 1 S:^^L;t. -e<Of^, 



m.mnm%x' 450 •c-ciifesaa l , n fflijj-- 5 -y «si 

13 22:JgfiKt/i. 

[0229] <J:V^-C, ^^f^sU'-- !f-mii**J^fi£?*T-^ 

r>.xy\-& U i>'8 0 0 tciltoSEtc^l. J: 3 
3t^^*i§li^B8 0 1, 8 0 2 $-J^«L3t. 
[0 2 30] t.tz. Ill 6. HI 7. 01 8{4mraU;'i 

m2<r>mS:ijmx'Wi^^ixi-z^w^iim=!'(r>-m^m 
^n-fhfz>sb<^mx'hh. tea. me, si7, lais 
<mx'\i, ^w^m^ii^^i^-^x'h'o . mi 
eii^i^v-^-<nmnm. 121 7{i^*u— 
(r>%]i!,^-H\^\.zmm:mx'(mwm. mis^t^^^ 
-^-b^j:hnmm^<r>m^^^tk<^'i^mm.^mmt 
hi-z>^<^mx'hh, 

[023 1 ] El eTi'smis^^mt^b. ^#^1^ 

~^f—(rMMW&2 0 0 0\it. nSGaNS«14 0JL 
t;, nffiA 1 GaNffija.'N'-y7r-ill4 1 , n^A 1 
0. 03 G ao. 97 nmWi^^ -y yr—M 14 2, nffiA 1 o. is 
Gao.85N:?9-y KWl 4 3, nffiA 1 o. i Gaj. 9N^ 
^Hai4 4. GaN/A lo.iGao.9N^M4^#P, 
Stt;il4 5, pffiA lo. 2Gao.8Nai4 6, pffiA 
lo.,Gao.9N;>5f>f b'ei4 7, pSA 1 o. isGao.ss 
N^7 yHill4 8, pffiGaN3V:J'^'hJ114 9*^' 

\mzmm^ttxm^^in.x\.^^ . 

[0232] -etT, pSA lo.2Gao.8N«146, 
PMA 1 0. iGao.9N;^M h'Sl4 7, pffiAlo.isG 
ao.85N:?7 y Kill 48, pffiG aN rJ'^? FJi 1 

4 9tci4, pm^-WMX'hhmsbnmzBt^Y-\:y 
^^lxx\^h, 

[0233] mil«jt2 000{4, pffiGaNrjy:?^ 
M 1 4 9 <7)^m*^h PMA 1 0. 15 G ao. 85 N 7 -y H 
m 1 4 SiO^if t TX -y ^y:/$it> n^L^^v -y 

jt9 0 of}m&^fix\'^h . 

[ 0 2 3 4 ] L-T , U -y v-'lf Ja9 0 0(DWt^M<OpM 
GaNny^^ 1 4 9±lC{4, Ni/AuA^^^S 
pJa|jl--5 •y:^'^l 5 iJ&^J^fi^^ti-TV^S. tfc, P 

mwm^BVMii, wm^mm isobtx. s i o 
ztimm^tix\>^^. 

[0235] «Ji1S3t2 0 0 0i:«gSlgfe^U-y 

'Jmm9 0 0 t«liaSil:t3^^yifl«B9 0 1, 9 0 2 

f}<m^^tix^^h, 

[0 23 6] ifc. GaN*^l 4 OcOKBCCti, Ti 
/A I *^4)=5:4 nffl!|:t-5 >y ^'mii 1 5 2*«?g^$ixt: 

[0237] CK^^f*:!^— 151. 152 

i,zmjj\^izm,T^^w^-t^ tmt\^. ^ ^ izmMiriWia 
[0238] mz. 016. m\i<r>^^\^-^-<^ 

2 0 00<7)^H^B^:a{4MOCVDa£-Cfi=-?/i. i^, n 
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SG a N*«i 1 4 0 $:RiDf l^-b y b t , ymtmmt 
Ty't=-r:^'X<7>Wi-^iiX'^. 1 1 2 0'acJP^L. * 
W.IAO co^HSr ^'U -- ^i?' t . 
[0239] <X^^X\ iaSSr 6 0 O'Ct^W. NH3 1 
S*i:7j<«0?I-^^X#ffl^T. TM A t TMGio it/ 

©A 1 GaN>'N'-y 7r-iil 4 1 Sr*t«tJt. 
[0240] <?:v^T\ 107 0°CtC±ft\ 7K^Sr 

^■v'Jr;^';^i: tXTMG. TMA, nmT-W^ii:^t 

ao.97NiSia>'N''y7r-Jil 4 2Srl/im(50Jl§, nS 
A io.i5Gao.85N^?9-y h'Bl 4 3SrO. S^mcOW 

nSA lo.iGao.9N;!/M Hiil44SrO. I fxm 
cnm^^zMXmmi-. iXV^-C. GaW/A lo.iGao.9 
N^ai-^^WFvSttJl 14 5 (3 ) L-t'c , 

[ 0 24 1 ] y^V^f, TMG, TMA. pM^WfaWM 
CO (EtCp) 2Mg, B2H6Srffl)^t::S>^-fr"C«*^ 
t. pMAlo.2Gao.8N«146Sr20nm<7)ii$, 
pSA lo.iGao.gN^'-f FJil47$r0. 1/zmcOJJ 

pMAlo.i5Gao.85N:?7-yh'«148SrO. 5 
//m<7)ff§. pSGaNrjy^S'^'hJil 4 9tr0. 2^ 

[0242] ^H^Bfigft^^Tf*. RJC^I^Srry^-T;;?" 

[0243] }^mk. w§imm.^m<,z^:^^-^itxh 

mMif^^, ^H<7)pMGaN3y^'^'hJil4 9 

[ 0 2 4 4 ] JJCV^t', l/'i^':^hTifi4/imC0XV-7-^r 
y>C^_y^^l9jgtt°y^3 0 O/xmfJ^^L, 

x-yf-y^'- LT , y -/ x1«it9 0 0 ^m'^Lfz, 
[0 24 5] t*»Sf^s P'>''Xh-7X^'Sr^*L, 

f*. ffi^ffi^lK 1 5 0 1 ^1. S i 02 Sra®«it<^^W 

\,zmO. 5//mOll$0Cii«U3t. 
[ 0 2 4 6 ] i?:V>T's pffi!|:t— 5 >y^'^fiil 5 1$-?^^ 

U'JxhX'j(^:^hy^y'j^^-yi^^l'^'^^k- s i 
02i^ii^SllS 1 5 0 ^X yf-yj/LT U y i^'9 0 0± 

cTJpMGaN^y^^ bill 4 9$rStiJ$-1t'S>. 

600-C-Cl^SL, paGaNrjy:?^' bJi 
14 9lCpli:*— 5-y:7mffil 5 1 SrJ^fSLJt, 
[0247] <J:v-C\ »^1 4 0O^5:Sf@L-, 
^ *5J 1 0 0 At mlC LTtf^. «^ 1 4 0 COKffltC njffljr- 
= -y 7m«m'«>l>T i / A 1 $-^«L7t, -ecOf^. 
g*#H^T'4 5 0 -C-C'^a U . n 111;}-- 5 -y ^ Sffi 
1 5 2im^l'tz, 

[0248] <X^^X\ imi¥\^—f'-t»^^^^*^^Z 



n^xys-Sr U y i^'9 0 0 tcSttaSiStc:^?. .k d tC'vtP 

3te*li#53Sffi90 1 , 9 0 2€rJg^t^c. 
[0249] 

[.^Bjco^*] liJLhtciJiBBt dictate, m^miim<r) 

(O^x^ 1 ) I,Z}d\,-^X. huIEpSA l.Ga(i-,)N 

(o^x^Dfcji. MstnmzBi}^m\i^n-x\'^^ 

cox\ ms<^mwizX^m^B<^^^^-{ti}Mm^ti. m, 

im.l,ZM g ^mMLXii^^r U TillS<7)^-*^'e'^T, 
•e<7)^*. ta!3fefc^rV^lSV^df^UTmig<^paA 1,G 

a(i.,)N (O^xSl ) 

[0250] tfz. ms'm2Mm<7)wmzj;:tni. 

^ iti5i#:^acO}gi5ic7)ti^cOJ!SH i: ^ o T V P^S A 
l,Ga(i.,)N (OSx^l ) <7)^-^UriiJg*^'igi<fiS 
ffiin;T'*>a c: i: J; "9 . »f^«S**ffi< . ttc<t^ 

[025 1 ] ^^f*:^«*^'^3fe?R^<^«-^t:fi. 
iSffitilCT)'?^ h'=3f^-y7-c7)pSA l,Ga(,-,) N (0^ 

x^ 1 ) imfnx'^^<^x\ vt»x^i>m.\'^-i&^w^ 

[ 0 2 5 2 ] it«iI3ie«c7)!%BJt-ctiX«f . If* 
II2iatl^^7)^#:^a^Ci^V^T, pffl!l:t-5 •y:J'«|g2: 
mm-tay^i^ hMizn^ 1 f2«<7)iii]!^M'fl:!t?!)^ 

mmm^^h(^x\ mmummim^mimmmmt- 

[0253] ^Tt:, it«Ja4iB«5cO^Bflfci:il.«, IS* 

m2tfzimsm3im<^^i^umi>zi5^^x . i$.^m 
MA iGaitit^^i^mM'f-iizmm^tix^^hcTiX'. 

pMA 1 GaNttas-g r ownTpS#ISSr 

[0254] m^5im<^^mzxtni. 

^ 4 iEiJi0^^f*:^S{ci3 V ^X , H5l£^*5&3t«^^{i 
*f-*^T'S> 0 , S»'-»^^UTiilJK<^pSA 
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( 0 2 5 5 ] - mk(r,\ 1 mmm^wv-^- 

ti. pSA 1 G a N 7 y h'iico^-v U rffiffi*^'®*- ^J"- 

— !f-(i, SV^^A-UraUS^OpSA 1 GaN«^i?7 
[02561 S'?>K, pSA 1 GaN{4as-g r ow 

n T p s^tt ^^-rcof, p m{\L<r>fzi^<^mwj:9mt'Z 
[0 2 57] tfz. mimeim<^wmxti\i. it* 

«4*^c{4it^ia5lfi«ic7)i|iS#:^SC*5(,^T. 
Wmim=^\t. mMifiA O O n mOTt-S) 0 , P 
SA 1 G a N 7 -y HJlt^A 1 0?I^BS^ib*^'P*v# < . 
iSV^df^iJTiU^iOpSA 1 Ga.H^mmth^tt^X' 
^h<r)X\ ^X'^immt-h-^fzA O O nm\:XT<^^^ 

[0 2 58] t/i, 11*117 ISiicO^Bgl;<}:tt{f. 

Ot>^A'UT*gOlSV^pSA l.Ga(i-,)N (O^x 
coiKv^, iSm:*!. «fiiH14i7)^JSi^s^— r-^ 

iim^x'th. 

[0 2 5 9\±fz. ff*Ja8f5««^^Bjtcj:tLjf. Ms 

tlSlBtlCBA^SsJIlDSixTV^^pSA lxGa(i-,)N (0 

^^ts^^mm^X-'^O X 0 tC^oTfc D . M g B S: 
|5lB§tCg^PLT<OlS^-vl»rili^iOA 1 ,Ga(i.o N 
( 0 g 1 ) cO^H^B^^Si: , S«1^5istS:#tf#Sim^' 
:K^X'<miSif^^^'^i>^^^^'^'^ fi!*ISL.*^-:>Jt 
Al,Ga(i-,)N (O^xgl ) ^Oas-grownt:- 
£OpS^B^B*^'^i^>i^^. 

[0 2 60] i^c. mmm9%m<^^R^^i-ti^^^ i*^ 
imB.<mm^^^^nx.x. NHjO^MtCctoT^BX 
#-c#. mm<7)mmzxhmmmx<^m'ai^stx'^ 



g i: [S]B# tc B A^^n $ ixT V ^ S P a A 1 , G a ( 1 - , ) N 
( O^xg 1 ) **;yx$r-^tfaiEl^T^^B^ft 

H3 <7)i&ai#H^T'tT=5r dioC^oTfcD. /^ail?H 
^A>'NH3;y;2>-C$>l><^'C, -ei0^fllt::J;-'t^$^T- 

'jriijSc^pMA l,Ga(i.x)N (Ogxgl) $ras 
-grownt'f^t'^l., 

[0 26-21 *f>:. ii^l liim<^Wni,ziiix\f. M 
g i: |S]BI^ B JP $ iXt V ^ I, p S A 1 , G a ( 1 - , ) N 

( 0 ^x^ 1 ) $r-i-tf^«£««aJ§Sr. *#*'x2r-& 

-^.TfcO, MgfcBSrPI^lc^DLTcom^'JrjgS 
(OA l,Ga(i-oN (OSxSl ) ffM^^^t . MS 

X\ t^*lit*^-^7tA l,Ga(i.,, N (Ogx^l ) CO. 
a s - g r o w n t-tfO P W^^aifi'i^^iXh . 
[02631 A l,Ga(i-,)N (O^x^l ) Ifim. 
S> V >{i;a;imjt^73ft^ffil:r^B^BRg,;^ § ti-S %&tci3 V ^ 

?^a]#fflmtC-ir*iX'I.M*Mf4A^\ a 1 GaNcO 
^^&i,z'^^-^hm'^^<n^^^^^-thi-z^. A 1 
GaN^H^B*S*^^><^MScO(lfj|t*«§tT-> -ecofe 

[02641 mmmfMzi^ h^f^<Dmu. pMa i g 

a.m3'fx-\i^j:< . \'i}.<r)mwm.itw^^Bi.zhmm'^h 

m.mm<n^.-^Mi<zi.h^^imm±^ix. ^^ew^<^'^^^ 
m^^^M^^^^'Z^'^-th .r t ifix'^ ^.^-ox^u 

[026 51 *3t. pm.it<7)fzib<r>m!M'S:ili^tL^j: 
v^/^^^ iji®<2|s^Sc7)-f^XSSrfSB&^b-C'# ^ i: i: t 

X\ i&axhX'^ii^mmiim-thZbij^X'^h, 

[0266] tfz. tmmi 2imco^mi>zxtni. m 
^mi iim(^^mii^i&s<^imijmiz}i\,^x . <%sin 
m%'piZ'^ttthm.mwMiit<ii3X'h&<7)x\ m^m 
8<7)r^mt^Miztutx , NH3<r>i/^mzx^x±^^ti 

WM"^, ^Wi^(r>7m<'Zj;:h ^ 'J -=.yi^n^*mnx' 

[0 26 7mor, ^^*J;Oti«V^dfA'UT^iS«P 
aAlxGa(i-,)N (O^xSl) $ras-grown 

I.. 
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[0 2 68] ^^c, msmi 3smco%m^zi^tii£. m 

(O^x^l) $:#tf^ttsmJl«5SSr. *^;efXSr-& 

[05 ] :^wMi,z^^^i^mm(^m<7)m^miyr^^m 

[06] 3ts:?&Bfl«^pSAl,Ga(i-,)N (OSxSl) 

[07] 7 ;j- h F O— fi?iJ^r^-r 0TS> ^ . 

[08] 07^7)7 :r h:5^^:t—Ki:'5:4StJWijt<^^S 

[09] 7* br-^:t-F<=0— C?IJ$r:=K-r0'CS>l). 
[010] 09c7)7:^ h^r-f ::f-Ki:^^St«filJt<^^ 

[011] ai®?i^f&5fe^^^^-H«^-fi^JSr7n-r0T' 
[0 1 2 ] 0 1 1 (Ti^mmMWty^ ^- h t'Srsa 

[013] ^filsl/— if— CO— 0!l2::^i'M^0'^2^^« 
[0 1 4 ] 0 1 3 <7)ii^f^s^— (f-c03taiSt:^|6lt=SiK 
^®T'c7)Bfrffi0T-?>S. 
[01 5] 01 3. 014<^^«s^— 

I.. 

[016] iji^tltU'— 9-'— iO— ^J5r7Kt"#f^i0"CJ>i>. 

[01 7] 01 6co¥S*^-if"-co3taii4:^i*]t=ftii 

^BBt:'<OlliB0'C"S>l). 

[018] 016. 01 7<D^mi^u-'f-t^j:hmm 



10. 20, 40. 60. 80 ^yr^rm 

11, 4 1. 8 1 ffifflOaNy-N-y 7r— ® 

12,82 pSAlo.08Gao.92N Ji 

2 1. iSiSA 1 N>'N'<y 

22,62 nS A lo. o3Gao;97N3>'^' 

23. 1 23 nSA 1 0. o7Gao.93N^7-y 

KJi 

24 I no. nGao.esNvSttB 

25. 128 pSAlo. o7Gao.93N^-?-y 

Ha 

26. 69, 115, 129. 149 pMG 

27. 47, 70. 104. 130, 150 
S i 02*»<i>^S«ii^a]K 

28. 48, 71, 95, 105. 116, 131. 1 
5 1, 1 7 Oplffl^r- Sv^'H® . . 

29. 49, 72, 96, 106, 117. 132, 1 
5 2, 1 7 1 nfij:^— 5 

30. 50. 73. 107 lE^flifii 

42 uMGa-Nziyi^-^hm 

43 iS^SnS Alo.iGao.9N-'N'-/7r- 

Jl 



44, 92. 1 02 



nMA 1 0. o8Gao.92N 



pS A 1 0. osGao.ga 



45. 93, 103 

NJi 

4 6,94 A 1 N^^r -/yM 

6 1 A 1 GaN^a^a>'^'v7r-Jf 

63 nSA lo.o8Gao.92Ni?7-y H)l 

64, 124. 164 nmOaN^^ 

65. 125 I no.isGao.ssN/I no.o2 
Gao.98N^*fi^^#FMttJl ( 2-<T) 

6 6. 1 2 6 pSA 1 o.zGao.eNW 

67. 127. 167 pfflGaN;^Mb'a 
68 pSA lo.o8Gao.92N^'9-y H« 

90, 100. 110, 120. 140. 160 

nSGaN*^ 
91.101 iSiSnM A lo.iGao.gN^N' 

•yyr—M 

111 nM A 1 o.o7Gao.93Nffi^a''^'•y7 
r—M 

112 nSA lo.zGao.gN^'^-y HiS 

113 A 1 0. o7Gao. saNvSISH 

114 pMA lo.2Gao.8N:77-y h'il 
12 1. 14 1 nSA 1 GaNffiiS-'N'-y^r 
-Ji 

122. 142 nSA 1 0. oaGao. 97NrSiia 
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143 
144 
145 

14 6 
147 
148 
1 6 1 

m 

162 

163 



nSA lo. isGao.ssNiJ'^'y Fil 

A 1 o.iGao.9N;<?M 
GaN/A l o; iGao.9N#MI^# 

pSAlo.zGao.sNW 
pffi A 1 0. iGao.9N;<f'f 
pSAlo.i5Gao.85N^7-yb'« 
nMG a N J: 0 ^SIS 2 «0^-^ -y 7 r - 

nSI no.iGao.9N^'9-/^'l*ihS 
nSA 1 0. 2 G a 0. 8 N/G a NjeiSi^ 



165 I no. osGao.asN/ 1 no. 2Gao. 8 



166 
1-6 8 

169 
20 1, 
203, 
400. 
40 1. 



202, 
300 
80 0 
402 



pMA lo.sGao.TN^'V-yre 
pMA l o.2Gao.8N/GaNi@tfrf- 

pSGaN^y:?:? h« 

7 0 0 ^inimm 

5 0 0. 6 00 St^B 
900 
80 1 



802. 90 1, 902 



100 0. 2000 



mi] 




IE121 
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